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The spirochetes of relapsing  fever were first cultivated by Noguchi  1 in  1912. 
He employed a culture medium consisting of ascitic fluid to which a fragment of 
fresh sterile rabbit kidney had been added.  Noguchi placed considerable  stress 
on the character of the ascitic fluid used, selecting only such as gave fibrin forma- 
tion throughout the medium after inoculation.  The culture fluid was inoculated 
with infected rat blood, and covered with a layer of paraffin oil.  By this method 
he succeeded in growing these organisms  through a number of generations.  The 
maximum growth occurred between the 4th and 6th days, at which period sub- 
cultures were made.  This technique was successfully applied by Plotz  ~ in culti- 
vating these spirochetes from the blood of patients.  Subsequent to Noguchi's 
report, Hata  3 cultivated Spirochceta obermeieri in horse serum diluted with saline 
solution and coagulated at 70°C.  He found that in the presence of kidney the 
organisms  lived only a short time, but that on substituting a fragment of blood 
clot for kidney, they survived and remained infective for a long period.  Recently 
Ungermann* has reported successful results with inactivated rabbit serum without 
kidney. 
The  principle  underlying  the  cultivation  of Spirochceta  was  dis- 
covered by Noguchi.  However, there are certain details in the prep- 
aration  of the medium  and  the conditions controlling the growth of 
these organisms which had not been fully studied. 
In our attempts to cultivate the spirochetes of relapsing fever by 
the different methods outlined above, we found the Noguchi method 
the most satisfactory, but in our hands  the results were inconstant. 
Occasionally  a  good  initial  growth  was  obtained,  but  it  was  not 
always  possible  to  carry the  culture  to  a  second  generation.  Fre- 
i Noguchi, H., Y. Exp. Med., 1912, xvi, 199. 
2 Plotz, H., Y. Exp. Med., 1917, xxvi, 37. 
3 Hata, S., Centr. Bakt., 1re Abt., Orig., 1914, Ixxil, 107. 
4 Ungermann, E., Arb.  k.  Gsndtttsamte, 1919, li,  114. 
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quently in the same medium, either no growth occurred in spite of 
a rich inoculum, or an abundant growth was suddenly terminated by 
rapid degeneration at the end of the 3rd or 4th day.  It was evident 
that we were dealing with certain unknown variables in the culture 
media which in one instance made it suitable and in another unsuit- 
able for the growth of the spirochetes.  Furthermore, it was evident 
that even in a favorable medium changes were rapidly taking place 
which rendered it  unfavorable.  Therefore, it  seemed desirable to 
analyze more fully the factors in the growth requirements of these 
organisms.  Spirochtzta  obermeieri  was  the  type  used  in  these 
experiments. 
Culture Media. 
Constituents  of the Media.--Our findings, with regard to the basic 
constituents of the most favorable culture media, agreed in the main 
with  those of former workers,  and may be summarized briefly  as 
follows: 
Animal fluids are necessary for the growth of Spirochteta obermeieri. 
Ascitic fluid, horse and rabbit serum serve this purpose equally well. 
Inactivation of the serum was found to be unnecessary, and coagula- 
tion undesirable.  Dilution  of the serum with one to  two parts  of 
normal salt solution does not impair its nutrient properties.  Growth 
is more rapid in undiluted serum, but the viability of  the culture 
is greater in diluted serum.  The addition of kidney is not necessary. 
The physical condition of the medium seems to exert an important 
influence.  The growth activity of the culture is markedly increased 
by the presence of a small amount of agar or fibrin  as suggested by 
Noguchi, who found them favorable for Leptospira icteroides.  Under 
these conditions, growth is more abundant and the spirochetes are 
found chiefly enmeshed in the agar or fibrin. 
Reaction  of the Media.--Recent  investigations  have  shown  that 
the concentration of hydrogen ions in the medium is an important 
limiting factor in affecting the growth and viability of microorgan- 
isms.  Consequently a series of experiments was made to determine 
the effect of pH on the growth of the spirochetes.  Media made up 
of ascitic fluid, horse and rabbit  serum respectively were adjusted 
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rat blood,  covered with  oil,  and  incubated.  After  3  to  5  days  the 
cultures  were  examined  under  the  dark-field  microscope  and  the 
reaction  of the  media was  again  tested.  The  following protocol is 
typical. 
Horse and rabbit sera, to which 0.1 per cent agar had been added, were adjusted 
to different reactions by the addition of N NaOH or N HC1.  3 cc.  of medium 
were put into a  tube.  All  the tubes were inoculated with the same amount of 
infected rat blood and incubated at 30°C. for 3 days.  The data are presented in 
Table I. 
TABLE  I. 
Effect  of the  Reaction  on  Growtk. 
Fube No. i 
Initial 
pH. 
7.9 
7.6 
7.3 
6.9 
Rabbit serum. 
Final 
pH. 
8.24- 
8.1 
7.6 
7.1 
Results. 
0 
Spirochetes dead. 
::t= 
1 to 10 fields; degen- 
erated. 
4-4- 
1 or more to a field; 
active; in chains. 
+ 
1 to 3 fields; active. 
Initial 
pH. 
7.9 
7.6 
7.2 
6.9 
6.4 
Horse serum. 
Final 
pHo 
8.24- 
8.1 
I 
I  7.5 
I 
I  7.2 
6.6 
0 
Spirochetes dead. 
-4- 
1 to 10 fields; degen- 
erated. 
4-4-4- 
2 to 3 in a field; active 
in chains. 
++4- 
2 to 3 in a field; active 
0 
None found. 
These tests established two important facts:  (1)  that the reaction 
of the medium has a decided influence on the growth of the spirochete; 
and  (2) that during the incubation,  the reaction of the culture fluids 
changes  progressively  toward  alkalinity  irrespective  of  the  initial 
reaction. 
In media having a  reaction below pH  7.0  or above pH  8.0  there 
was  apparently  no  growth,  while  the  maximum  rate  of  multi- 
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growing  culture  rapid  degeneration  set  in  as  soon  as  the  reaction 
approached  the  limiting  pH.  This  has  been  verified by  repeated 
tests of the reaction of cultures which had suddenly died. 
The progressive increase in the alkalinity of the media  (Table I) 
is  a  factor  of  considerable  importance  in  the  cultivation  of  these 
organisms.  This change occurred irrespective of the initial reaction 
of the medium or of the growth of the spirochetes, and was charac- 
teristic of all media made up largely of animal fluids.  It was found 
that ascitic fluid, horse, sheep, and rabbit sera become progressively 
more alkaline  after withdrawal  from the body and  exposure to the 
air.  Felton,  Hussey,  and  Bayne-Jones  5 observed  that  spinal  fluid 
changed  from  a  pH  7.7  or 7.8  to  8.6  within  a  few hours.  Ascitic 
fluid is also prone to marked rapid change, while animal sera change 
more slowly.  The following experiment is illustrative. 
Horse and rabbit sera were diluted with saline solution  in the proportion of 
1:3, the reactions were adjusted, and the fluid was distributed in 3 cc. amounts 
into a series of tubes.  Tubes of ascitic  fluid were also made.  Another similar 
set of tubes was set up with serum and ascitic fluid which had been heated for 10 
minutes in a water bath at 100°C.  The results, after incubation for 2½ days, are 
given in Table II. 
TABLE II. 
Reaction Changes in A nimal Fluids at Room Temperature. 
Incubation time 2½ days. 
Fluid. 
Horse serum (1 : 3) ............................... 
Rabbit  "  (1:3) ............................... 
Ascitic fluid  ...................................... 
....  (1 : 1) ................................ 
Unheated.  Heated. 
nitial  Final  I  Inltial  I  Final 
pH.  pH.  pH.  I  pH. 
7.0  7.8  7.0  7.8 
7.2  7.7  7.2  ]  7.8 
7.2  8.2+  7.2  I  8.2+ 
7.3  8.2+ I  7.3  18.2+ 
The instability of the reaction is most likely due  to  a  progressive 
loss of COs.  This is indicated by the facts that the change is always 
toward  alkalinity,  that  agitation  hastens  the  change,  and,  finally, 
that heating to destroy enzymes does not prevent or even retard the 
5 Felton, L. D., Hussey, R. G., and Bayne-Jones, S., Arch. Int. Med., 1917, xix, 
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reversion.  The loss  of CO, would readily account for the increase 
in alkalinity.  The relationship of CO2  concentration in the blood 
and blood reaction has been fully discussed by L. J. Henderson.  8 
Stabilization  of the Media.--It was evident that the next step was 
to find some means of stabilizing the culture fluids.  Several methods 
suggested themselves, each of which was tested in turn. 
1.  The first procedure was to acidify the medium, agitate vigor- 
ously,  and  then  adjust  to  the  desired  reaction.  This  led  to  the 
precipitation of the serum proteins which were not completely re- 
dissolved.  The turbid fluid was not satisfactory for culture purposes. 
2.  We then determined the extent to which kidney tissue, as used 
by Noguchi, tends to regulate the reaction.  It is well known that 
kidney tissue autolyzes with the liberation of acid, but the degree 
and rate of autolysis and diffusion of the acid were unknown.  It 
was found that the kidney tissue gradually neutralizes the alkalinity 
of the medium but that diffusion is slow and the effect is not uniform 
on account of the number of variables that enter.  As a result of the 
slow diffusion of the acid, the portion of the medium above the kid- 
ney may be decidedly acid,  the upper portion still  alkaline, while 
in between is  a zone of graded reactions.  The rate and degree of 
acidification depend roughly on the relation of the size of the kidney 
tissue to the amount of fluid used, as well as on the character and 
initial reaction of the fluid.  With a piece of kidney of appropriate 
size  and a  suitable amount of animal fluid of a  given reaction, the 
final reaction of the medium may be brought to about the desired 
level.  For example, a fragment of kidney tissue, the size of a pea, 
added to 6 cc. of ascitic fluid of a reaction of pH 8.4 brought the reac- 
tion down to a pH of 7.2 in 2 days; a larger piece of kidney with the 
same amount of this ascitic fluid made the medium decidedly acid. 
But one could not predict in any given case what the final reaction 
would  be.  Noguchi's  results  with  this  method were presumably 
due  to  a  proper  proportion  between  ascitic  fluid,  reaction,  and 
kidney tissue,  and  the  fact  that  he  made transplants  before the 
reaction of the media had changed beyond the limits of growth. 
3.  Mineral oil  as originally used by Noguchi was also found to 
retard  the  change in  reaction.  The higher the  column of oil  the 
6 Henderson, L. ]., J. Biol. Chem.,  1909-10,  vii, 29. 308  SPIROCH2ETA OBERMEIERI  (RECI.TRRENTIS) 
less rapid the change.  However, as shown in Table IV, the oil itself 
is  not  sufficient to  prevent  rapid  alkalization  of  the  medium to  a 
point inhibitive to the growth of the spirochete. 
4.  Since the increase in alkalinity is presumably due to diffusion 
of C02, it seemed likely that a simple solution to the problem would 
be  growing  the  organism  in  an  atmosphere  containing an  appro- 
priate amount of COy  The stabilizing effect of CO~ is illustrated by 
the following  experiment. 
TABLE  HI. 
Effect of CO~ on the Reaction. 
Changes of Media; Initial Reaction pH 7.3. 
Incubation time 3 days.  All tubes kept in air-tight jar under the same con- 
ditions. 
Media. 
Ascitic fluid  ........................................ 
Serum (1  : 2) ..................................... 
Ascitic fluid +  broth  ........ ; ...................... 
"  "  +  phosphate ........................... 
Serum (1 : 2) +  broth  .............................. 
Control without coli or C02. 
Ascitic fluid  ...................................... 
"  "  +  1 per cent peptone  ................... 
"  "  +  1  "  "  egg albumin  ............... 
Dextrose 
broth 
cultures of 
B. toll 
7.7 
7.7 
7.3 
7.3 
7.5 
7.3 
7.3 
8.0+ 
7.6 
7.8 
v~. 
r cent 
~. 
7.4 
7.5 
7.3 
7.3 
7.3 
7.3 
7.3 
5 vol. 
per cent 
CO~. 
7.3 
7.3 
7.3 
7.3 
7.3 
7.3 
7.3 
Test-tubes containing  various kinds of culture fluids were placed in glass-topped 
jars.  Into some of the jars were put dextrose broth cultures of B. coli, while to 
others different volumes per cent of CO, gas were added.  The results are shown 
in Table III. 
Similar experiments to test the ability of cultures to grow under these condi- 
tions gave satisfactory results.  A  simple procedure was to adjust the reaction 
of the ascitic fluid to pH 7.2, inoculate with infected blood, cover with about 1.0 
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with B. coil  Good growth was obtained in 4 to 5 days.  The only objection to 
this method is that it requires resetting of jars every time a culture is examined. 
5.  Finally, the reaction of the medium was stabilized by the addi- 
tion  of  buffer  substances.  Peptone,  egg  albumin,  and  phosphates 
were used.  All had  the desired  effect, to  a  greater or lesser extent 
(Table IV), but phosphates in amounts greater than 0.2 per cent were 
somewhat toxic to the  spirochete,  while egg albumin was too weak 
a  buffer.  Peptone  apparently met all the requirements. 
TABLE  IV. 
Effect of Buffer and of Various Amounts of Oil on the Reaction. 
Effect of buffer.  Effect of oil. 
Initial pH 7.2; time 5 days.  Initial pH 7.4; time 2 days. 
Media. 
Ascitic fluid  .................... 
"  "  +2cm. ofoil  ...... 
"  "  +  1 per cent  pep- 
tone ....................... 
Asciticfluid +  1  per  cent  eg~ 
albumin .................... 
Ascitic fluid +  0.I per cent phos. 
phate  ....................... 
Final pH. 
8.2+ 
8.0 
7.8 
8.2 
8.0 
Media. 
Ascitic fluid. 
"  "  +  1 cm. of oil. 
"  "  +  2  " 
"  "  +  3  " 
"  "  +  4  " 
Final pH. 
9.0 
7.9 
"  "  7.9 
"  "  7.8 
"  "  7.7 
Limiting  Hydrogen  Ion  Concentration. 
In the early experiments it was indicated  that the reaction limits 
for the growth of Spiroch6eta  obermeieri  were pH 7.0 and 8.0 with an 
optimum  at  pH  7.2  to  7.4.  On  account  of  the  shifting  reaction 
during  incubation,  it  was  not  possible  to  determine  these  limits 
accurately.  Repeated  tests with buffered media have given practi- 
cally the  same  results.  No  growth  was  obtained  in  media  having 
a  pH  value  of 6.8  on  the  one hand,  or  8.4  on  the  other.  Growth 
takes place in the zone between pH  7.0  and 8.2,  but is always most 
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The  following is  a  typical  experiment. 
Ascitic fluid  containing  2  per  cent  peptone  broth  was  divided  into  various 
'lots, each adjusted to a different pH, and the media were distributed into tubes. 
Each tube was inoculated with the same amount of infected blood.  After incu- 
bating 4 days at 30°C. the observations in Table V were made. 
TABLE  V. 
Limiting Reactions of Growth of Spirochceta obermeierL 
Medium:  Ascitic fluid  +  2 per cent peptone broth.  Incubation time 4 days. 
Initial  pH. 
6.8 
7.0 
7.0 
7.4 
7.5 
7.8 
8.0 
8.2 
Final pH. 
6.9 
7.1 
7.3 
7.5 
7.7 
7.9 
8.1 
8.3 
Results. 
An occasional live organism;  many dead. 
++ 
Active; chains of 2; 1 in 5 or 6 fields. 
+++ 
Many active; chains of 2 and 3 elements; 1 to 2 per field. 
++ 
Many active;  1 in 2 or 3 fields. 
++ 
Active; chains of 2; 1 in 5 or 6 fields. 
+ 
Fewer  active; some degenerated. 
+ 
About the same as 7.8. 
Many degenerated;  occasional active spirochete. 
Oxygen  Requirements. 
Some  tmcertaiuty  exists  regarding  the  oxygen  requirements  of 
these  spirochetes.  Noguchi  7  recognizes  their  essential  need  of 
oxygen  and  calls  them  aerotropic  anaerobes.  Ungermann, *  on 
the  other hand,  considers  them  strict  anaerobes.  The  idea  that  a 
7 Noguchi, H., The Harvey Lectures, 1915-16,  xi,  236, I.  j.  KLIGLER  AND  O.  H.  ROBERTSON  311 
layer  of paraffin  oil serves  as  an  oxygen barrier  is  entirely  wrong. 
Our early observations indicated that  they were strictly aerobic, and 
the  following experiments  show  this to  be the  case. 
(a)  Oxygen Tension.--Cultures  of  Spiroctueta obermeieri were  prepared  and 
placed in a  series of Noguchi jars.  These jars were then exhausted and refilled 
with definite proportions of O and N  gas, measured by means of a vacuum gauge, 
to give varying oxygen tensions.  The  jars were left at room  temperature  (27 
--30°C.) for 4 days, after which the cultures were examined. 
A  typical  protocol  follows. 
Oxygen, } 
vol. per  40  20  18  14  9  5 
cent 
Growth.  0 
A  few sur- 
viving 
organ- 
isms; 
degener- 
ation. 
++ 
Good 
growth. 
1 to 2 to 
a  field; 
few  de- 
gener- 
ated. 
+ 
to 5 or 6 
fields; 
many 
degener- 
ated. 
0 
Few  sur- 
viving; 
marked 
degener- 
ation. 
0 
Few  sur- 
viving; 
marked 
degener- 
ation. 
0 
Few living. 
The best growth was obtained under normal oxygen tension.  A  decrease to 
0.9  per  cent  atmospheric  tension  retards  growth,  while  a  greater  decrease or 
increase in the amount of oxygen apparently prevents growth entirely. 
(b) Oil Layer.--Since  a layer of oil had been found of value in stabilizing the 
reaction of the medium, it was important to determine the maximum column that 
might be used without preventing adequate  aeration.  It was  found,  contrary 
to Ungermann's assumption, that oil does not exclude air, but apparently retards 
the diffusion of gases.  In a  series of cultures made with increasing columns of 
oil, most abundant growth was obtained in those tubes having a layer 0.8 to 1.5 
cm. high.  Presumably a column of oil greater than that is sufficient to prevent 
the normal ingress of air. 
(c) Column of Media.--The height of the column of medium was found to be of 
comparatively little importance.  This was to be expected since growth is always 
most abundant in the upper, well aerated portion of the column.  However, it 
was found that, other conditions being the same, growth was better when the col- 
umn of the medium did not exceed 4 to 5 cm. in height. 
Method of Cultivation. 
The  method  finally  adopted  for  the  cultivation  of  Spirochceta 
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The basic media consist of horse serum or rabbit  serum diluted 
with one or two parts of saline solution, or of ascitic fluid undiluted. 
To the fluid used 1.0  per cent peptone broth is added (1.0 cc. of a 
10 per cent peptone broth to  10 cc. of fluid),  and the reaction ad- 
justed to pH 7.2.  The media are distributed in 3 to 4  cc. amounts 
into tubes approximately 1.0  cm. in diameter.  The tubes are then 
inoculated with 1 drop of infected blood, or, if subcultures are being 
made, with 0.1  cc. of culture, and covered with a layer of oil about 
1.5  cm. high.  In initial cultures the rat blood furnishes the fibrin; 
in subcultures the fibrin is supplied by a  drop of fresh rabbit blood 
added prior to the addition of the oil.  By rotating the tube gently 
to obtain uniform distribution of the blood,  a  delicate fibrin basket 
forms  which  remains  suspended  from  the  oil.  In  place  of  fibrin 
0.05 to 0.1 per cent agar may be used.  The tubes are then incubated 
at  a  temperature  of  28-30°C. s  After the  culture  has  been  well 
started, growth proceeds satisfactorily at room temperature. 
Viability of S pirochceta obermeieri. 
With the procedure described above, it was possible  (1)  to culti- 
vate these spirochetes consistently from mouse or rat blood;  (2)  to 
maintain the cultures for periods of 3 to 7 weeks; and (3)  to carry 
them on in successive subcultures.  In undiluted serum the initial 
growth is more rapid, but degeneration sets in relatively early (about 
2  weeks).  In  diluted  serum  or  in  ascitic  fluid,  growth  is  slower, 
but  it  extends  over  a  much longer  period  (7  weeks).  Successful 
subcultures have been obtained  from  cultures  17,  24,  30,  31,  and 
49  days  respectively after inoculation.  As  a  general routine,  the 
first transplants  were made after  12  to  15  days incubation,  while 
in later cultures the interval was 20 to 30 days.  A detailed history 
of some of the cultures is given in Table VI. 
SUMMARY. 
A  study  of  the  growth  requirements  of  Spiroch~ta  obermeieri 
resulted in the perfection of a method which enabled us (1) to culti- 
s The spirochetes grow well at 37°C., but degeneration changes tend to set in 
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rate the organisms consistently from the blood of infected mice and 
rats,  (2)  to maintain the viability of cultures for periods of at least 
3 to 7 weeks, and (3)  to carry them on in successive subcultures by 
transplanting at intervals of 2 to 4 weeks.  This method is essentially 
the same as the Noguchi technique for the cultivation of the Lepto- 
spira group, but emphasizes control of the physicochemical factors 
that act to limit and prevent growth and prescribes the conditions 
necessary  to  counteract the  injurious  influences.  The  main facts 
may be briefly summarized as follows: 
(a)  Ascitic fluid, horse or rabbit serum may be used as  culture 
fluids. 
(b)  These fluids become progressively more alkaline onexposure 
to air. 
(c)  Uniformly  successful  results  depend  chiefly  ou  the  proper 
adjustment and stabilization of the reaction. 
(d)  A  balanced reaction can be secured by  adding 1.0  per cent 
peptone broth or egg albumin as buffer,  and coveting the culture 
with a  layer of oil. 
(e)  The  reaction  limits  for  growth  and  survival  are  between 
pH 6.8 and 8.2, with the optimum at pH 7.2 to 7.4. 
~)  Spirocheela obermeieri is a  strict aerobe, consequently in order 
to permit adequate aeration, the oil layer should not exceed 1.5 cm. 
in height. 